Naked mole-rat colonies are societies with a high reproductive skew, breeding being restricted to one dominant female (the`queen') and 1^3 males. Other colony members of both sexes are reproductively suppressed. Experimental removal of breeding males allowed us to investigate the relationship between urinary testosterone and cortisol, dominance rank, and male reproductive status. Dominance rank was strongly correlated with body weight, age, and urinary testosterone titres in males. No relationship between urinary cortisol levels and male reproductive status or dominance was found. Breeding males were among the highest-ranking, heaviest and oldest males in their respective colonies, and were succeeded by other high-ranking, large, old colony males. In contrast to females, no evidence of competition over breeding status was observed among males. Male^male agonism was low both before and after removal of breeders and mate guarding was not observed. The lower reproductive skew for males compared with female skew or queen control over male reproduction may explain why males compete less strongly than females over breeding status after removal of same-sexed breeders.
INTRODUCTION
African mole-rats (family Bathyergidae) are a unique group of subterranean hystricomorph rodents. The family exhibits the widest range in social structure of all mammals, including solitary-dwelling mole-rats, colonial mole-rats, and the eusocial Damaraland mole-rat (Cryptomys damarensis) and naked mole-rat (Heterocephalus glaber) (Jarvis & Bennett 1991) . Naked mole-rats are restricted to the arid regions of East Africa and live in colonies that range in size up to 295 individuals, but typically contain around 80 individuals (Brett 1986 (Brett , 1991 . Both a behavioural division of labour (Jarvis 1981; ) and a clear-cut and extreme reproductive division of labour exists within colonies. Most colonies contain only one breeding female (Brett 1986; Jarvis 1981 Jarvis , 1991 , known as the`queen', who mates with 1^3 speci¢c breeding males (Jarvis 1991) . The rest of the colony members of both sexes are reproductively suppressed, but not sterile .
Studies so far indicate that the queen is the most aggressive colony member (Reeve & Sherman 1991) , and that behavioural contact with the queen, rather than a primer pheromone in her urine, is critical for the maintenance of reproductive suppression in non-breeders (Faulkes & Abbott 1993; Smith et al. 1997) . Non-breeding females are anovulatory , whereas non-breeding males have lower plasma luteinizing hormone (LH) and urinary testosterone levels than breeding males . Testosterone levels of non-breeding males are su¤cient to support spermatogenesis and some spermatozoa are present in the epididymis and vas deferens (Faulkes et al. 1994) . However, reproductively inactive males produce signi¢cantly fewer mature spermatozoa than breeding males, and most are non-motile (Faulkes et al. 1994; . Both non-breeding female and non-breeding male naked mole-rats rapidly become reproductively active when socially suppressive cues are removed. When separated from their colonies and either housed singly, or paired with a female, concentrations of plasma LH and urinary testosterone in non-breeding males increase to concentrations comparable to those of breeding males . Unlike other bathyergid mole-rats, an incest-avoidance mechanism appears to be absent Bennett et al. 1996) and new queens and most breeding males are recruited from within colonies, resulting in high levels of inbreeding and low levels of genetic variation within colonies (Reeve et al. 1990; Honeycutt et al. 1991; .
Recent research focusing on queen succession in captive colonies of naked mole-rats has implicated dominance rank, body weight, age and urinary testosterone levels as important determinants of reproductive status in females, with rank, in particular, being a reliable predictor of reproductive status (Clarke & Faulkes 1997) . In females, reproductive succession is characterized by the reproductive activation of one or several high-ranking females and often, but not always, intense dominancerelated aggression, until one high-ranking female establishes her dominance and reproductive control of subordinates (Clarke & Faulkes 1997) . Whereas queen succession has been well documented (Jarvis 1991; Clarke & Faulkes 1997) , factors determining dominance and reproductive status in males remain unresolved.
The aim of this study was to examine breeding male succession in captive colonies. Speci¢cally, we set out to investigate the relationship between urinary testosterone, cortisol levels, dominance rank and male reproductive status, and to determine whether physiological and behavioural parameters can be used as predictors of succession. To achieve these aims, focal observation of queens and all males from two large captive colonies was carried out, and urine collected from each individual to allow hormone determination. After several weeks of observation, the breeding male(s) were removed from each of the captive colonies (simulating natural death or predation), and focal observation and urine collection continued in order to determine which males attained breeding status (breeding-male removal 1). The experiment was then repeated by removing the new breeding male(s) from both colonies and continuing observation and urine collection in order to determine which males attained breeding status (breeding-male removal 2).
METHODS
Captive colonies of naked mole-rats were maintained at the Institute of Zoology, in arti¢cial Perspex burrow systems comprising nest, food and toilet chambers as described by Faulkes et al. (1990) . Animals were numbered and identi¢ed by a system of toe clipping. During periods of behavioural observation, all the animals in the study colony were caught weekly, weighed, and to facilitate easy recognition of individuals during observations their unique toe clip number was drawn on their back with an indelible marker pen. Two colonies were selected for this study. Colony N comprised 21 males and 24 females, and colony 2200, 19 males and 14 females. Breeding males were identi¢ed from observation of sexual behaviours such as copulation and mutual anogenital nuzzling. Anogenital nuzzling is a behaviour that most frequently occurs between the queen and breeding males (Jarvis 1991; .
Focal animal observation (Martin & Bateson 1986 ) was used to quantify behavioural interactions between males within the study colonies both before and after removal of the breeding males. The behaviour of queens was also recorded using focal sampling. Individual mole-rats were observed for a period of 10 min and the frequency of the following interactions recorded, together with the identities of the animals involved: open-mouth gaping, incisor fencing, batting, biting, shoving and tugging (these interactions were previously de¢ned by as agonistic behaviours in naked mole-rat colonies). A minimum of six focal samples (range 6^11) were carried out on each colony member both before and after removal of the breeding male(s). Before breeding-male removal, colony N and colony 2200 were observed for 87 d. This corresponded to 27 h of focal observation for colony N and 25 h for colony 2200. After removal of the resident breeding male(s), both colonies were observed until new breeding males were identi¢able (breedingmale removal 1). This corresponded to 92 d and 26.5 h of focal observation for colony N and 58 d and 17 h of focal observation for colony 2200. These new breeding males in colony N and 2200 were then removed and observations continued until new breeding males were identi¢able (breeding-male removal 2). This corresponded to a further 39 d and 11h focal observation and 40 d and 14 h focal observation for colony N and 2200, respectively.
In addition to the behaviours listed above, passing behaviour was also recorded. Passing dominance has been shown to be a good metric of dominance rank and may also be involved in the establishment and maintenance of dominance relationships in naked mole-rats (Clarke & Faulkes 1997) . Passing occurs when animals meet in a tunnel either face to face or face to tail. When two mole-rats meet face to face, brief mutual sni¤ng of the facial area almost always occurs, then one passes over the top of the other. In this study, only passes following face to face encounters that were preceded by sni¤ng (implying recognition) were recorded. Passes over the top were classed as dominant behaviour and the respective animal received a score of one. Rare but important behaviours such as sexual behaviours were recorded whenever observed. To minimize stress or injury, harassed or injured individuals were removed and housed separately. The study was covered by Home O¤ce project licence no. PPL 70/3897.
A`sociometric matrix' (Altmann 1974) was constructed using the frequency of passing over between interacting mole-rat dyads as cell entries, and the order rearranged until the minimum number of supplants appeared on the left-hand side of the matrix diagonal. The proportion of times that one animal passed over another individual in dyadic encounters was obtained, and summed for each individual encountered to provide a rank score that was used to assign a dominance rank. Appelby's (1983) index of linearity (K) was used to measure the degree of linearity of the hierarchy, and then linearity was tested for statistical signi¢cance using Appelby's (1983) test for transitiveness of dominance. K can have values from 0, indicating the complete absence of linearity, to 1, indicating a perfectly linear hierarchy.
Urine was chosen in preference over blood for hormone determination, as it allows for repeated sampling to be carried out over the same period as the behavioural observations with minimum disturbance to the colonies. Urine sampling involved the removal of wood shavings from the toilet chamber of the colony, and wiping the chamber clean with damp tissue paper. Immediately after each urination, the deposited urine was collected in a glass Pasteur pipette, and the toilet chamber wiped clean with tissue paper. Urine samples were put on ice immediately, then stored at 720 8C until hormone determination. Before hormone determination, all urine samples were subjected to a determination of creatinine as described by Bonney et al. (1982) , to correct for di¡ering dilutions. All urinary hormone concentrations are expressed as mass per mg of creatinine (mg 71 Cr).
Testosterone concentrations were determined in diethyl-etherextracted urine (50 ml) by radioimmunoassay without chromatography using biogenesis rabbit anti-testosterone antibody no. 8680-6004, as previously described and validated for the naked mole-rat . The limit of sensitivity of the assay (determined as values with greater than 90% binding) was 2.0 pg per tube for samples (equivalent to 2.22 ng mg 71 Cr). The inter-assay coe¤cient of variation for repeated determinations of a quality control sample was 12.5% (n 14); the intra-assay coe¤cient of variation for one assay was 9.8% (n 10).
Cortisol concentrations were determined in diethyl-etherextracted urine (50 ml) using antiserum no. 5004-201 (Scottish Antibody Production Unit), as previously described and validated for the naked mole-rat (Faulkes 1990) . The sensitivity of the assay (determined as 90% binding) was equivalent to 35 pg per tube. At an average dilution of urine this was equivalent to 2.5 ng mg 71 Cr. Inter-assay precision was 10.3% (n 10); intra-assay variation for one assay was 7.2% (n 8).
Statistical correlations were made using Spearman rank correlation tests (r s ). Breeding males were excluded from correlation analysis of testosterone levels and dominance rank in order to control for the dual function of testosterone in dominance and reproduction/sexual behaviour. Wilcoxon matched-pairs tests were used to determine whether signi¢cant changes in body weight had occurred in the period before, and after, the removal of the breeding male(s), and to compare hormone levels before and after breeding-male removal. Unless otherwise stated, all statistical analysis was two-tailed and the cut-o¡ point for statistical signi¢cance was p 0.05.
RESULTS

(a) Before removal of the breeding male
Each colony contained one breeding male at the start of the study. These males were the only males to be observed copulating and engaging in mutual anogenital nuzzling with the queen. Before breeding-male removal, there was a strong and highly signi¢cant correlation between body weight and dominance rank in colony N males (¢gure 1a) and colony 2200 males (¢gure 2a). In colony N, the breeding male was one of the highestranking and heaviest colony males (¢gure 1a). Colony 2200's breeding male was the highest-ranking and heaviest colony male (¢gure 2a). Before breeding-male removal, there was no signi¢cant change in the body weight of colony members from colony N (males, Z 71.76, p 0.08, n 21; females, Z 71.05, p 0.29, n 23) or from colony 2200 (males, Z 70.77, p 0.44, n 19; females, Z 71.61, p 0.11, n 14). Age was also strongly correlated with male dominance rank in both colony N (¢gure 1c) and colony 2200 (¢gure 2c). Breeding males were from the oldest (colony 2200; ¢gure 2c) or second oldest (colony N; ¢gure 1c) surviving litters in their respective colonies.
In both colony N (¢gure 3a) and colony 2200 (¢gure 4a), dominance rank of non-breeding males was strongly correlated with urinary testosterone concentrations. The breeding male in both colony N (¢gure 3a) and colony 2200 (¢gure 4a) exhibited the highest mean urinary testosterone titres of colony males. However, there was considerable variation in individual male testosterone levels, particularly in high-ranking males (¢gures 3a and 4a). There was also considerable individual variation in male urinary cortisol levels. Urinary cortisol levels were not signi¢cantly correlated with male dominance rank in either colony (colony N, r s 0.25, p40.05, n 15; colony 2200, r s 70.46, p40.05, n 11), and breeding males exhibited similar urinary cortisol levels to those of nonbreeding males.
Before breeding-male removal, both colonies were characterized by a linear dominance hierarchy (colony N, K 0.91, X 167.7, p50.01; colony 2200, K 0.82, X 159.4, p50.01). Queens were by far the most aggressive colony members, exhibiting the highest shoving rate of colony members in both colonies (¢gure 5a,b). Several males in colony N also exhibited shoving behaviour, with the breeding male shoving at the highest rate (¢gure 5a). In contrast, colony 2200's breeding male was the only colony member other than the queen to exhibit shoving behaviour (¢gure 5b). After 89 days of colony observation the breeding males from colony N and colony 2200 were removed from their colonies and housed singly. removal of the breeding male (males, Z 72.90, p50.005, n 18), whereas females did not (Z 71.60, p 0.11, n 14). In colony N over a period of 13 weeks, two males (male 198 and male 188) became breeders. In colony 2200 only one male, male 215, attained breeding status, and did so over a period of eight weeks. The percentage increase in body weight in colony N was 11.5% for females (n 23), 8.5% for non-breeding males (n 18) and 6% for males attaining breeding status (n 2). The percentage increase in body weight in colony 2200 was 2.1% for females (n 14), 1.9% for non-breeding males (n 17) and 2.5% for the male attaining breeding status. Body weight remained strongly correlated with rank both in colony N males (¢gure 1b) and colony 2200 males (¢gure 2b). Before breeding-male removal in both colonies, non-breeding males that were to become breeders were among the highest-ranking and heaviest colony males (¢gures 1a and 2a). In colony N, male 198 was the highest-ranking and heaviest colony male before removal of the breeding male (¢gure 1a) and remained so after breeding-male removal (¢gure 1b), whereas male 188, previously ranked third (¢gure 1a), increased to become the second-highest ranked male (¢gure 1b). In colony 2200, male 215 was the third-highest ranked male before breeding-male removal (¢gure 2a), and became the highest-ranking male after breeding-male removal (¢gure 2b).
There was no signi¢cant change in male urinary testosterone (colony N, Z 1.71, p40.05; colony 2200, Z 0, p40.05) or urinary cortisol titres (colony N, Z 1.29, p40.05; colony 2200, Z 1.78, p40.05) before and after breeding-male removal. In colony N (¢gure 3b) and colony 2200 (¢gure 4b), male urinary testosterone titres remained strongly correlated with rank. In both colonies before breeding-male removal, those non-breeding males that were to become breeders exhibited among the highest testosterone titres of colony males (¢gures 3a and 4a). After breeding-male removal, their testosterone levels remained among the highest of colony males (colony N, ¢gure 3b; colony 2200, ¢gure 4b). Male urinary cortisol levels were not correlated with rank in either colony (colony N, r s 0.01, p40.05, n 16; colony 2200, r s 0.06, p40.05, n 15) and urinary cortisol levels of breeding males were similar to those of non-breeding males. In both colonies, males exhibited large individual variation in urinary testosterone and cortisol levels. Dominance hierarchies in both colonies showed a slight increase in linearity after breeding-male removal (colony N, K 0.93, X 157.7, p50.01; colony 2200, K 0.96, X 136.6, p50.01). The two new breeding males in colony N exhibited shoving at a low rate both before and after breeding-male removal, with their shoving rate increasing slightly in the latter period (¢gure 5a). No other colony members, other than the queen, exhibited agonistic behaviour after breeding-male removal. In colony 2200, after removal of the original breeding male, two males started shoving for the ¢rst time with the male attaining breeding status shoving at the higher rate (¢gure 5b). No other colony members, other than the queen, exhibited agonistic behaviour during this period. The prime recipient of aggression by colony 2200's queen was a highranking male, male 154. Breeding status was achieved without any observable male^male aggression within colonies (¢gure 5a,b). In both colonies, shoving by the new breeding males was not directed towards one another (colony N) or towards other high-ranking males. Shoving and other agonistic behaviours were instead directed equally towards high-and low-ranking colony members of both sexes (¢gure 5a,b). Once the breeding status of all colony males had been correctly determined (colony N, 92 days; colony 2200, 58 days), the breeding males were removed from each colony and housed singly.
(c) Breeding-male removal (2)
After removal of the new breeding males, rank remained strongly correlated with body weight among males in both colonies (colony N, r s 70.91, p50.01, n 18; colony 2200, r s 70.80, p50.001, n 17). In colony 2200, rank was not signi¢cantly correlated with male urinary testosterone (r s 70.64, p40.05, n 10) or urinary cortisol titres (r s 0.3, p40.05, n 9). No such analysis could be carried out for colony N males as urine samples were not available during this period for hormone determination. In both colony N (¢gure 1c) and colony 2200 (¢gure 2c), new breeding males were generally recruited from the oldest surviving colony litters. However, in colony N, one of the males attaining breeding status was a medium-aged (35 months) colony male (¢gure 1c). Dominance hierarchies remained highly linear in both colonies (colony N, K 0.88, X 125, p50.01; colony 2200, K 0.94, X 121.9, p50.01). In colony 2200 over a period of 40 days, one male, male 160, became the new breeding male. This male was the heaviest and highestranking male, and exhibited the highest mean urinary testosterone titre of colony males both as a non-breeder (¢gure 4b), and on becoming a breeder. Male 160 was the only colony member other than the queen to initiate shoves during this period (¢gure 5b). Male 154 remained the prime recipient of aggression from colony 2200's queen and died from injuries sustained in ¢ghting with the queen. In colony N, two males and one non-breeding female, female 153, began to shove (¢gure 5a). In both colonies, shoves by males were directed towards high-and low-ranking colony members of both sexes. Shoving and other agonistic behaviours exhibited by female 153 and the queen were directed primarily at one another and, several weeks after removal of the breeding males, the queen was killed by female 153. The loss of colony N's queen and the resulting increase in social instability within the colony meant that it was not possible to determine the breeding status of colony males during this period.
DISCUSSION
Social structure in both colonies was characterized by highly linear dominance hierarchies with male dominance rank strongly correlated with body weight and age, both before and after the removal of breeding males. Two other studies have examined dominance interactions in captive colonies of naked mole-rats. Direct comparisons with this study may not be wholly appropriate because previous studies included both sexes in statistical correlations. Nevertheless, their results are in agreement with results presented here. Both studies revealed colony social structure to be characterized by a dominance hierarchy with rank based on body weight but not sex (Schie¡elin & Sherman 1995; Clarke & Faulkes 1997) . A strong correlation between dominance rank and age was found in this study, and also previously (Clarke & Faulkes 1997) . Evidence from a study on the ontogeny of dominance also suggests an association between dominance and age in some captive colonies (O'Riain 1996) . Dominance rank was strongly correlated with nonbreeding male urinary testosterone concentrations in both colonies before and after breeding-male removal. A strong correlation between rank and urinary testosterone levels in males and in females was also found in a study of queen succession during periods of social stability, but disappeared after the social instability that resulted from the experimental removal of queens (Clarke & Faulkes 1997) . Evidence for a simple relationship between social status and urinary cortisol levels in naked mole-rats is lacking. Whereas a correlation between rank and cortisol levels was demonstrated previously in one colony (Clarke & Faulkes 1997) , no signi¢cant correlation between these two variables was evident in this study. Such correlations are dependent to a great extent on many environmental in£uences, including experience, age and social context (Wing¢eld et al. 1994) . Experiential factors may be particularly important in determining the outcome of social interactions and the production of a wide range of hormones can be in£uenced by aggressive encounters and social subordination (Wing¢eld et al. 1994) . However, it is unclear whether di¡erences in testosterone concentrations among males caused the dominance patterns observed in this study or resulted from it.
There is considerable variation in individual male urinary testosterone concentrations, particularly in highranking and breeding males. Testosterone not only mediates male^male aggression and can facilitate dominance, but it also regulates spermatogenesis and reproductive behaviour (Wing¢eld et al. 1994) . Among breeding males, variation in urinary testosterone levels may be partly explained by their breeding status: the queen exerts control over the reproductive physiology of the breeding male(s), suppressing their testosterone levels except during the early follicular phase of the queen's ovarian cycle, before oestrus and mating . High variation in individual male testosterone levels may be partly explained by the sampling method: urine samples were collected ad libitum over many weeks.
Dominance rank, body weight and age all appear to be important factors in determining which males will breed. Resident breeding males were among the highest-ranking, heaviest and oldest males in their respective colonies and new breeding males were recruited from among the highest-ranking, heaviest, and oldest males in their respective colonies. These same factors are important determinants of reproductive status in female naked mole-rats (Clarke & Faulkes 1997 ) and other mammals (Clutton-Brock 1988) . In particular, social and reproductive dominance are often closely associated in many cooperatively breeding mammals (Creel & Waser 1997; French 1997) . Among females, testosterone levels also appear to be associated with reproductive status, with queens and those females attaining breeding status exhibiting among the highest urinary testosterone titres of colony females (Clarke & Faulkes 1997) . Urinary testosterone levels of breeding males in this study were among the highest of colony males. However, many highranking, non-breeding males had testosterone levels equivalent to those of breeding males, suggesting that some males may be reproductively active in a colony, yet fail to breed because they are not solicited by the queen, and not as a result of a physiological suppression of reproduction. However, the dual function of testosterone in reproduction and aggressive dominance (Wing¢eld et al. 1994) , and the high variation in individual testosterone levels in male naked mole-rats, mean that it is unsafe to draw any conclusions on the importance of testosterone in determining male reproductive status. Social environments can be stressful and increased adrenocortical activity, speci¢cally the release of glucocorticoids such as cortisol, can result from aggressive activities and suppress reproductive function (Wing¢eld et al. 1994) . Breeding males in this study displayed similar mean urinary cortisol levels to those of non-breeding males, which is consistent with previous research that has so far ruled out a causal link between elevated urinary cortisol concentrations and reproductive suppression in naked mole-rats (Clarke & Faulkes 1997; .
The queen's presence has a suppressive in£uence on colony reproduction Smith et al. 1997) and is necessary to maintain social order (Clarke & Faulkes 1997) . The experimental removal in captivity of the queen alone may result in the reproductive activation of other females and an increase in intra-colony aggression, urinary cortisol levels, and body weight by colony members of both sexes (Clarke & Faulkes 1997) . Nonbreeding males also exhibit a rise in urinary testosterone levels. This study suggests that the presence of breeding males may have little e¡ect upon the reproduction of other colony members or in maintaining social order. After their experimental removal, other high-ranking males, whose testosterone levels suggest they may already be reproductively active, become breeders without any increase in urinary testosterone levels or male^male aggression. There was no increase in male urinary cortisol levels and intra-colony aggression generally remained low. There is some evidence that the removal of the breeding male(s) is not entirely without e¡ect on captive colonies. In both colonies, males showed a signi¢cant increase in body weight after removal of the breeding males, and the subsequent removal of new breeding males coincided with ¢ghting between resident queens and other high-ranking males and females. In one colony the queen was killed by another female, leading to a further increase in intra-colony aggression and the deaths of several other colony members. In contrast, other social bathyergids such as the common mole-rat, Cryptomys h. hottentotus, and the eusocial Damaraland mole-rat, Cryptomys damarensis, show strong incest avoidance and the death of a breeder results in colony ¢ssioning and outbreeding or cessation of colony reproduction until a foreign animal joins the colony (Jarvis & Bennett 1993; Bennett et al. 1996; Rickard & Bennett 1997) .
In all vertebrate classes, males show some form of competition, either for social status within a group, over territory, or for access to females (Wing¢eld et al. 1994 ). There appears to be no observable male^male competition over direct reproduction in naked mole-rat colonies. Breeding males and those males attaining breeding status were generally the only colony members, other than the queen, exhibiting shoving behaviour. However, shoving and other agonistic behaviours by these males were not speci¢cally directed towards other high-ranking males or reproductively active males, but instead were equally directed at high-and low-ranking colony members of both sexes. No evidence of mate guarding of the queen, or for male^male aggression on or around the day of mating, was found in this study or by other researchers Jarvis 1991) . However, did observe some aggression between breeding males in one colony during the week preceding the queen's receptive period. In contrast, female naked mole-rats often compete strongly over breeding status (Clarke & Faulkes 1997) .
Two hypotheses, although not mutually exclusive, may be put forward to explain why males compete less strongly than females for breeding opportunities. First, it may be due to the fact that males have a higher probability of direct reproduction compared with females. The reproductive skew is lower for males than for females. Captive colonies generally contain only one queen but may contain up to three breeding males (Jarvis 1991) , and multiple paternity has been demonstrated . The degree of reproductive skew is predicted to in£uence the frequency and intensity of dominance interactions within a social group. As skew increases, there is a greater pay-o¡ to subordinates for aggressively`testing' the ¢ghting ability of the dominant reproductive because they stand to inherit the large skew if they win (Keller & Reeve 1994 ). In addition, the breeding tenure of males is generally shorter than that of females (Jarvis 1991) , with breeding males often exhibiting a marked loss in body weight and condition Lacey & Sherman 1997) . Loss of body condition by breeding males may be due to their elevated testosterone levels, which may result in chronic immune suppression . In wild colonies, males may also disperse. Evidence for a small level of male-biased dispersal comes from studies on both wild (S. H. Braude, unpublished data) and captive colonies (O'Riain et al. 1997) . The above evidence suggests that males have a greater probability of breeding in their lifetime than females, perhaps explaining why males compete less intensely over breeding opportunities than females.
Second, males may not compete over direct reproduction because female mate choice may be more important than male^male aggression in determining the reproductive status of males. Queens exert considerable control over the reproductive physiology of colony males , and are known to solicit males but not vice versa (Jarvis 1991 ). It appears from this study that queens select mates from among the highest-ranking and heaviest colony males, yet reject similar males and all low-ranking males. In addition, it is known that after removal of queens from captive colonies, new queens often direct aggression at some high-ranking and reproductively active males, yet solicit others (Clarke & Faulkes 1997) . Newly established queens may even kill former breeding males and other high-ranking males (Clarke & Faulkes 1997; Lacey & Sherman 1997) . It is unclear what ¢tness gains are accrued by females exhibiting a preference for high-ranking, large colony males. Among males, male^male agonism may not directly determine breeding status, but may do so rather indirectly through a breeding female preference for dominant males. 
